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A B S T R A C T
Meglumine efﬁciently catalyzes the one-pot, ﬁve-component reaction of hydrazine, ethyl acetoacetate,
aryl aldehydes, substituted phenylacetonitriles and ammonium acetate in ethanol at room temperature
to afford novel 4,7-dihydro-1H-pyrazolo[3,4-b]pyridin-6-amine derivatives. The present approach offers
several advantages such as shorter reaction durations, low cost, excellent yields, milder reaction
conditions, simple workup procedure and is environment friendly. All the synthesized derivatives are
characterized by IR, 1H NMR, 13C NMR, HRMS and CHN analysis.
 2016 Chinese Chemical Society and Institute of Materia Medica, Chinese Academy of Medical Sciences.
Published by Elsevier B.V. All rights reserved.
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531. Introduction
Multicomponent reactions (MCRs) [1] are progressive trans-
formations [2] wherein the target is obtained from three or more
different substrates by reacting in a well-deﬁned manner. These
coherent reactions are environmentally benign, versatile and atom
economic. They offer signiﬁcant advantages over conventional
linear-step syntheses by reducing time, save money and raw-
materials; thus minimize the formation of waste [3]. MCRs
minimize the feeding of auxiliary substances and energy, which
can result in signiﬁcant economic and environmental beneﬁts. The
outcome of MCRs has proved to be very inﬂuential and efﬁcient
bond-forming tools in organic, combinatorial and medicinal
chemistry [4].
Pyridine containing scaffolds are ubiquitous heterocycles of
paramount signiﬁcance to organic and medicinal research since
decades [5]. Amongst the vast scaffold, functionalized pyra-
zolo[3,4-b]pyridine system are a promising class of compounds
with intriguing biological properties [6] such as antitubercular,
antibacterial, antioxidant, antiviral [7], antimalarial [8], anti-
inﬂammatory [9] and antileishmanial [10] activities. They are
templates for drug discovery [11] and their applicability in the
treatment of bipolar disorder, Alzheimer’s disease, schizophrenia,54
55
56
57
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1001-8417/ 2016 Chinese Chemical Society and Institute of Materia Medica, Chinesecancer, depression, diabetes, and dementia is well known
[12]. These derivatives are potent inhibitors of glycogen synthase
kinase-3 (GSK-3) [13], adenosine [14], blood platelet aggregation
[15], HIV reverse transcriptase [16], protein kinase [17] and cyclin
dependent kinase 1 (CDK1) [18]. In addition, they are often used as
luminophores, ﬂuorescence standards in organic light-emitting
diodes [19] and corrosion inhibitors for metals and alloys [20].
Owing to the aforementioned facts, we were prompted to
design these pharmacologically interesting class of motifs. A
detailed literature survey reveals that, many efforts were put in by
chemists towards their synthesis [21], but all these synthetic
methodologies have one or more shortcomings such as low yield,
drastic conditions, multistep reactions, cumbersome work up, use
of toxic reagents and solvents, longer reaction duration and
occurrence of several side reactions. Thus, the quest for green and
efﬁcient routes for the facile access to this fused heterocycle is
highly desirable.
Today, considerable attention is directed towards the employ-
ment of harmless, safe, inexpensive and environmentally benign
reagents like biodegradable materials as they possess high
catalytic efﬁciency, nontoxic nature and recyclable properties
[22]. Meglumine, an organic compound with the molecular
formula C7H17NO5 and IUPAC name (2R,3R,4R,5S)-6-(methylami-
no)hexane-1,2,3,4,5-pentol is an amino sugar derived from
sorbitol. It offers many advantages due to noncorrosive nature,
ready and commercial availability; it is inert, biodegradable,
reusable and stable to moisture and air. It has served as an efﬁciente catalyzed one-pot green synthesis of novel 4,7-dihydro-1H-
.doi.org/10.1016/j.cclet.2016.09.013
 Academy of Medical Sciences. Published by Elsevier B.V. All rights reserved.
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Scheme 1. Synthesis of 4,7-dihydro-1H-pyrazolo[3,4-b]pyridin-6-amines.
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Table 2
Synthesis of novel 4,7-dihydro-1H-pyrazolo[3,4-b]pyridin-6-amine derivatives.
Entry R R0 Product Yield (%)a
1 C6H5 4-NO2 6a 97
2 4-FC6H4 4-NO2 6b 90
3 4-ClC6H4 4-NO2 6c 92
4 4-BrC6H4 4-NO2 6d 90
5 4-NO2C6H4 4-NO2 6e 90
6 4-CH3C6H4 4-NO2 6f 87
7 4-HOC6H4 4-NO2 6g 90
8 3-CH3O, 4-HOC6H3 4-NO2 6h 95
9 3,5-(CH3O)2, 4-HOC6H2 4-NO2 6i 95
10 3,4-(CH3O)2C6H3 4-NO2 6j 90
11 3,4,5-(CH3O)3C6H2 4-NO2 6k 90
12 C6H5 4-CH3 – Trace
13 C6H5 4-OCH3 – Trace
a Isolated yields.
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CCLET 3830 1–5talyst in various organic transformations [23]. In view of the
ove considerations and our endeavours in developing novel one-
t multicomponent reactions [24], we, herein, report a
eglumine-catalyzed one-pot ﬁve-component reaction of substi-
ted aromatic aldehydes, hydrazine, ethyl acetoacetate, substi-
ted phenylacetonitriles and ammonium acetate for the synthesis
 novel 4,7-dihydro-1H-pyrazolo[3,4-b]pyridin-6-amine deriva-
es in ethanol (EtOH) at room temperature as shown in Scheme 1.
 Results and discussion
As a part of our growing interest in synthesizing heterocycles,
e decided to carry out a systematic research study on the
eparation of the target heterocyclic compounds under signiﬁ-
ntly milder conditions.
In order to optimize the reaction conditions, hydrazine, ethyl
etoacetate, benzaldehyde, 4-nitrophenylacetonitrile and ammo-
um acetate were considered as model substrates. In our initial
udy, to investigate the effect of the catalyst on the reaction rate
d yield of the product, we ﬁrst carried out the reaction in the
esence of different catalysts and found that, the desired product
as obtained to only about 15% with Et3N (Table 1, entry 1).
adequate yields were obtained when piperidine, PPh3, p-TSA,
(OH)2, K2CO3, L-proline, glycine were used (Table 1, entries 2–8,96
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timization of conditions for the synthesis of 6a.
ntry Catalyst Solventa Amount of catalyst (mol%) Yield (%)b,c
 Et3N EtOH 10 15
 Piperidine EtOH 10 20
 PPh3 EtOH 10 20
 p-TSA EtOH 10 25
 Ba(OH)2 EtOH 10 25
 K2CO3 EtOH 10 20
 ZnO EtOH 10 20
 L-Proline EtOH 10 15
 No catalyst EtOH 10 ND
0 Glycine EtOH 10 25
1 Meglumine EtOH 10 95
2 Meglumine EtOH 2.5 10
3 Meglumine EtOH 5 25
4 Meglumine EtOH 15 70
5 Meglumine No solvent 10 ND
6 Meglumine CH3CN 10 Trace
7 Meglumine n-Hexane 10 Trace
8 Meglumine DCM 10 Trace
9 Meglumine THF 10 45
0 Meglumine AcOH 10 55
, not detected.
3 mL.
Time (300 min).
Yield of isolated and recrystallized product.
Please cite this article in press as: S. Govindaraju, et al., Meglum
pyrazolo[3,4-b]pyridin-6-amines, Chin. Chem. Lett. (2016), http://d10). The reaction did not afford the desired product in absence of
catalyst (Table 1, entry 9). To our pleasure, reaction with
meglumine as catalyst afforded 6a in 95% yield (Table 1, entry 11).
Meglumine contains an ammonium ion, and an alkoxy group
which can activate the nucleophilic as well as electrophilic sites of
the ethyl acetoacetate and 4-nitrophenylacetonitrile through
hydrogen bonding and by the donation of the lone pair of electrons
present on the oxygen atom respectively. Hence, in our further
studies, the reactions in the presence of meglumine catalyst at
room temperature under mechanical stirring were considered as it
was found to be a better catalyst when compared with the other
catalysts (Table 1).
To optimize the amount of the catalyst, the model reaction was
subjected to different quantities of the catalyst, and it was found
that, the reaction did not produce desired yields with 2.5, 5,
15 mol% of the catalyst (Table 1, entries 12–14).
To analyze the effect of the solvent, various solvents such as
CH3CN, n-hexane, DCM, THF, AcOH and EtOH were screened and
was found that, under solvent-free condition the product was not
detected (Table 1, entry 15). The use of CH3CN, n-hexane and DCM
yielded trace quantities of the product (Table 1, entries 16–18) and
poor yields were obtained in THF and AcOH (Table 1, entries 19,
20). Hence, it is clear that, the best solvent is EtOH (Table 1, entry
11), and has a signiﬁcant effect in increasing the yield.
To broaden the scope of the designed protocol, we subjected
hydrazine, ethyl acetoacetate, various aryl aldehydes bearing
electron-donating or electron-withdrawing groups, substituted
phenylacetonitriles (4-NO2, 4-CH3, 4-OCH3) and ammonium
acetate to our optimized conditions and the results are presented
in Table 2. Gratifyingly, in all the cases these ﬁve components
congregated successfully into the corresponding 4,7-dihydro-1H-
pyrazolo[3,4-b]pyridin-6-amine derivatives in excellent yields
(Table 2, entries 1–11). It was also noted that, the electronic
effects of the substituents on the aryl aldehydes did not have much
impact on the product yields. To our dismay, the protocol could not
be applicable for aliphatic aldehydes such as formaldehyde and
acetaldehyde and also, it was found that, complex mixture of
products were observed when electron donating groups were
present on the phenylacetonitrile ring (Table 2, entries 12,13). All
the data are deposited in Supporting information.
A plausible mechanism for the formation of the substituted
4,7-dihydro-1H-pyrazolo[3,4-b]pyridin-6-amine catalyzed by
meglumine is envisaged. The initial step may involve the
protonation of ethyl acetoacetate by the catalyst to give A,
followed by intermolecular attack by hydrazine hydrate on A to
yield B. The aryl acetonitrile (4) may then get activated by
meglumine to give the intermediate C which may get stabilized by
the nitro group of the aryl ring and further isomerize to give the
adduct D, which may undergo a Knoevenagel condensationine catalyzed one-pot green synthesis of novel 4,7-dihydro-1H-
x.doi.org/10.1016/j.cclet.2016.09.013
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Scheme 2. A plausible mechanism for the formation of 4,7-dihydro-1H-pyrazolo[3,4-b]pyridin-6-amines.
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CCLET 3830 1–5resulting in the formation of E. The enolic form of B which is F, may
react with E by a Michael addition and an intramolecular
nucleophilic attack by NH3 (generated from ammonium acetate)
on the carbonyl carbon may result in the formation of the cyclized
product 4,7-dihydro-1H-pyrazolo[3,4-b]pyridin-6-amine (6) as
depicted in Scheme 2.
3. Conclusions
As described above, we have successfully designed, an
elegant, efﬁcient, easy and direct procedure and synthesized,
eleven novel 4,7-dihydro-1H-pyrazolo[3,4-b]pyridin-6-amine
derivatives at room temperature using hydrazine, ethyl acet-
oacetate, aryl aldehydes, substituted phenylacetonitriles, am-
monium acetate in EtOH using meglumine as a catalyst. The
effect of EtOH as solvent and the use of meglumine as a catalyst is
signiﬁcant in the preparation of 4,7-dihydro-1H-pyrazolo[3,4-
b]pyridin-6-amines in excellent yields under the aspect of
environmentally benign processes. This approach provides one
of the easiest pathways for accessing this class of treasured
compounds from effortlessly available starting materials, and a
wide range of multi-substituted 4,7-dihydro-1H-pyrazolo[3,4-
b]pyridin-6-amines can be prepared accordingly for the con-
struction of a chemical library. This methodology has numerous
and signiﬁcant advantages such as use of simple procedure,
milder conditions, shorter reaction duration and easier work-up
procedure.Please cite this article in press as: S. Govindaraju, et al., Meglumin
pyrazolo[3,4-b]pyridin-6-amines, Chin. Chem. Lett. (2016), http://dx4. Experimental
4.1. Material and methods
Reagents and solvents of commercial grade were used without
further puriﬁcation except liquid aldehydes which were distilled
before use. The progress of the reactions and the purity of products
were assessed by TLC [analytical silica gel plates (Merck60 F254)].
Melting points were determined on a RAAGA, Indian make
apparatus. The FT-IR (ATR) analyses were carried out on Cary
630 FT-IR spectrophotometer equipped with diffuse reﬂectance
sampling interface (Agilent Technologies, USA). 1H NMR and 13C
NMR spectra were recorded on an Advanced Bruker instrument
operating at 400 MHz and 100 MHz in DMSO-d6 respectively.
Chemical shifts are reported in d (ppm). HRMS data were obtained
on a Varian IonSpec QFT-MS spectrometer with the technique of
electrospray ionization. Elemental analysis was carried out using
vario MICRO CHN analyser.
4.2. Typical procedure for the synthesis of 4,7-dihydro-1H-
pyrazolo[3,4-b]pyridin-6-amines
In a dry 50 mL RB ﬂask, a mixture of hydrazine (1, 1 mmol),
ethyl acetoacetate (2, 1 mmol), aldehyde (3, 1 mmol), 4-nitrophe-
nylacetonitrile (4, 1 mmol), ammonium acetate (5, 2 mmol) and
EtOH (3 mL) were mixed along with meglumine (10 mol%) and
then stirred at room temperature for 300 min. After completion ofe catalyzed one-pot green synthesis of novel 4,7-dihydro-1H-
.doi.org/10.1016/j.cclet.2016.09.013
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CCLET 3830 1–5e reaction (TLC), the reaction mixture was quenched with
ushed ice and the precipitate thus separated was ﬁltered, washed
ith 10% EtOAc in light petrol to remove unreacted substrates,
ied and recrystallized from ethanol.
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